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ORIGINAL ARTICLEDispatcher-Assisted Telephone Cardiopulmonary
Resuscitation Using a French-Language
Compression-Ventilation Pediatric Protocol
Michael Peters, MHS,* Samuel Stipulante, PhD,†‡ Anne-Sophie Delfosse, MHS,‡ Katarina Schumacher, MD,§
AndréMulder, MD,|| Frédéric Lebrun,MD,|| Anne-Françoise Donneau, PhD,¶ and Alexandre Ghuysen, PhD*‡Objective: Out-of-hospital cardiac arrest (OHCA) in pediatrics is a dev-
astating event associated with poor survival rates. Although telephone
dispatcher-assisted cardiopulmonary resuscitation (CPR; T-CPR) instruc-
tions improve the frequency and quality of bystander CPR for OHCA in
adults, this support remains undeveloped in children. Our objective was
to assess the effectiveness of a pediatric T-CPR protocol in untrained and
trained bystanders. Secondarily, we sought to determine the feasibility
and the effectiveness of ventilation in such a protocol.
Methods: Eligible adults with no CPR experience were recruited in a
movie theater in Liege, as well as bachelor nursing students in Liege. All
volunteers were randomly assigned either to T-CPR or to no–T-CPR using
randomization. The volunteers were exposed to a pediatric manikin model
cardiac arrest. On the basis of Cardiff evaluation test, datawere collected to
evaluate CPR performance.
Results: A total of 115 volunteers were assigned to 4 groups: untrained
nonguided group (n = 27), untrained guided group (n = 32), trained
nonguided group (n = 26), and trained guided group (n = 30). We found
an improvement in CPR performance in the guided groups. Most volun-
teers (81.2%) in untrained guided group and 83.3% in the trained guided
group were able to give 2 ventilations after each compressions cycle.
Conclusions: In a pediatric manikin model of OHCA, T-CPR instruc-
tions including mouth-to-mouth ventilations and chest compressions pro-
duced a significant increase in resuscitation performance not only among
previously untrained but also among trained volunteers.
Key Words: CPR, cardiac arrest, infant, manikin, telephone,
prospective study
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A lthough uncommon in children, out-of-hospital cardiac arrest(OHCA) has devastating complications.1 Indeed, the survival
rate at hospital discharge rarely exceeds 8%2 despite care being
conducted in accordance with chain of survival concept.3
In adults, early bystander-initiated cardiopulmonary resusci-
tation (CPR) has been related to better neurological outcomes and
higher survival rates.4 However, regardless of population, most
OHCAs still do not receive any CPR before the arrival of emer-
gency medical services.1,5 As a consequence, only 37% of infants
at best actually receive early bystander CPR, whereas most
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Pediatric Emergency Care • Volume 33, Number 10, October 2017has been advocated to explain this low rate of CPR and subse-
quent poorer prognosis for OHCA occurring in private places as
compared with the ones taking place in public locations.6,7 Be-
sides, stress, reluctance to practice mouth-to-mouth ventilation,
and fear of communicable disease are other major barriers for by-
stander CPR practice, although these bystanders are most fre-
quently the parents.
In adults, dispatcher-assisted compression-only CPR has
been demonstrated to enhance the rate of CPR attempts. This ob-
servation was the rationale for current guidelines recommending
bystander chest compression–only CPR in adults.8
However, such recommendations raise major concerns in
children7,8 because pediatric OHCAmost commonly results from
primary respiratory failure. As a consequence, ventilations have
always been considered as a key element of CPR sequence.4,9–12
Therefore, the feasibility and potential impact of T-CPR in
children have been questioned in view of the significant increase
in bystanders CPR rate, quality, and survival outcome demonstrated
in adults.8,13,14 Indeed, preliminary results from a large observa-
tional study of pediatric OHCA in Japan have revealed that tele-
phone dispatcher-assisted CPR (T-CPR) might increase bystander
CPR rate and survival at 1 month, without real neurological im-
provement though.15 However, dispatcher-assisted CPR instruc-
tions for pediatric patients have not been documented, and there
is currently novalidated T-CPR protocol adapted for infant OHCA.
In our study, we aim to develop a T-CPR algorithm for infant
(aged <1 year) and investigate in a manikin model of cardiac arrest
whether or not dispatcher instructions could enhance the resus-
citation performance of untrained and trained volunteers using a




This was a prospective randomized study approved by the
ethics committee of the University Hospital of Liege, Belgium
(project 2014/193).
Participants and Randomization
Untrained volunteers were recruited in a movie theater in
Liège. Inclusion criteria were as follows: adults 23 years or older
and adults 40 years or younger (corresponding to mean age of
children's parents ± SD according to Belgian statistics). Exclusion
criteria were health care providers, previous basic life support
(BLS) training, non–French speaking, physical handicap, or sig-
nificant cardiopulmonary disease.
Previously trained volunteers were recruited among second-
degree bachelor nursing students from 2 high schools in Liège dis-
trict. According to the current official study program, these stu-
dents have been trained to adult and infant BLS.www.pec-online.com 1
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groups: untrained nonguided (U-NG) or guided (U-G) groups
and trained nonguided (T-NG) or guided (T-G) groups.
Interventions
On the basis of 2010 pediatric CPR guidelines in place at
the time of the study10,11 and the previously described ALERT
telephone CPR protocol for adults,18 a group of experts devel-
oped a new French CPR protocol for infant, named ALERT
PEDIA (Algorithme Liègeois d'Encadrement à la Réanimation
Téléphonique PEDIAtrique).
Seven dispatchers from the same center were specifically
trained to this protocol and its proper use through simulated case
scenario. The original ALERT PEDIA protocol and its English
translation are available at http://alertpedia.phonecpr.be/.
Volunteers were randomly assigned to T-CPR vs no–T-CPR
using a randomization system by drawing lots of opaque envelopes
that contained a number associated to the group. The volunteers
were blinded to the results of the randomization before CPR started.
According to the standardized scenario, volunteers were ex-
posed to a 6-minute cardiac arrest scenario using a baby manne-
quin. For the guided groups, the dispatchers were located in 112
dispatching centers.
Data recordings began as soon as script acknowledgment
ended.
Data Collection
This study used a Resusci Baby QCPR (Laerdal Medical,
Stavanger, Norway), representing an approximately 4- to 6-month-
old infant. The manikin was connected to a Simpad SkillReporter
(Laerdal Medical, Stavanger, Norway) collecting the data that
were recorded onto a laptop computer. As previously described,
data performance collection grid was constructed based on theFIGURE 1. Participant flowchart.
2 www.pec-online.comCardiff Test version 3.1. to assess BLS performances in a stan-
dardized and objective way, with further analysis including the au-
dio and video recordings.19
A global performance score based on 12 binary variables was
also determined.19,20 Finally, time required for each CPR step was
collected: speaker activation, check responsiveness, open airway,
check breathing, first rescue breath, and first chest compression
(no-flow time).
Statistical Methods
Results were expressed as means and SDs for quantitative
variables with a normal distribution and as medians and 25th to
75th percentiles for asymmetric quantitative variables. Categorical
variables were expressed using numbers and percentages. The
normality of our variables was tested using the Shapiro-Wilk W
test. Quantitative variables were compared between the 4 groups
using an analysis of variance followed by a multiple comparison
test or Kruskal-Wallis test. χ2 Tests for categorical variables were
performed to compare the characteristics or outcomes between
groups. Multivariate analyses were performed through multiple
regression to assess the relationship among CPR performances,
sample characteristics, and call dispatcher features.
Statistical significancewas defined asP < 0.05. All statistical
analyses were conducted using Statistica software version 10.
RESULTS
Flow and Baseline Characteristics of Volunteers
A total of 161 volunteers were assessed for eligibility in
November and December 2014. Among these, 115 met the inclu-
sion criteria and were randomly distributed in the 4 study groups
as depicted in Figure 1. According to the inclusion criteria, mean© 2017 Wolters Kluwer Health, Inc. All rights reserved.
TABLE 1. Study Population Demographics
Group
PU-NG (n = 27) U-G (n = 32) T-NG (n = 26) T-G (n = 30)
Age, y 31 (24–35) 27 (24–34.5) 20.5 (20–22) 21.5 (20–24) <0.001
Sex 0.001
Female, n (%) 10 (37.0) 16 (50.0) 19 (73.1) 25 (83.3)
Previous education <0.001
No schooling, n (%) 1 (3.70) 0 (0.00) 0 (0.00) 0 (0.00)
Grade school, n (%) 1 (3.70) 0 (0.00) 0 (0.00) 0 (0.00)
Vocational school, n (%) 1 (3.70) 4 (12.5) 0 (0.00) 0 (0.00)
Technical school, n (%) 12 (44.5) 4 (12.5) 4 (15.4) 3 (10.0)
High school, n (%) 3 (11.1) 11 (34.4) 20 (76.9) 25 (83.3)
Higher education, n (%) 9 (33.3) 13 (40.6) 2 (7.70) 2 (6.70)
Prior BLS training, n (%) 0 (0.00) 0 (0.00) 26 (100) 30 (100) <0.001
CPR realization experience, n (%) 1 (3.70) 0 (0.00) 1 (3.90) 3 (10.0) 0.28
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and 27 [24–34.5]years in U-G) than in the previously trained
groups (20.5 [20–22]years in T-NG and 21.5 [20–24]years in
T-G), respectively (P < 0.001).
There also was a statistical difference in sex, with a signifi-
cant proportion of women among the nurses (73% for T-NG and
83% for T-G as compared with the previously untrained groups
(10% in U-NG and 50% in U-G; P = 0.001; Table 1).
CPR Performance
Initial Check for Responsiveness
There were significant differences in assessing for response
(P<0.001). Theworst performancewas observed in theU-NGgroup
(0%) and T-NG group (3.9%), whereas the best performances were
noted in the guided groups: T-G (43.3%) and U-G (37.5%).
Airway Opening and Check for Breathing
Airway management quality was different between the groups
(P < 0.001). No participant of the unguided groups managed theFIGURE 2. Percentage of success of each variable component global pe
© 2017 Wolters Kluwer Health, Inc. All rights reserved.airway opening and look-listen-feel procedures for normal breath-
ing adequately, whereas 46.9% (15/32) of the U-G group and
56.7% (17/30) of the T-G group did (Fig. 2).
Mistakenly, 3 volunteers of the U-G group reported that the
manikin was breathing.Breathing
First rescue breaths
The initiation of the first 5 rescue breathswas higher (P<0.001)
in the guided groups (100% in the U-G group and 93.3% in the
TG group) than that in the unguided groups (34.6% in the T-NG
group and 22.2% in the U-NG group, respectively).
Similarly, the effective administration of the first 5 rescue
breatheswas higher in the guided groups (62.5% in the U-G group
and 73.3% in the TG group), whereas only 1 participant (3.9%) in
the T-NG group and none of the U-NG group gave 5 effective
breaths (P < 0.001). The average volume delivered by these rescue
breaths did not differ between groups (U-G, 45.2 ± 15.9 mL;
T-NG, 55.8 ± 16.3 mL; T-G, 53 ± 14.4 mL; not significant).rformance score.
www.pec-online.com 3
TABLE 3. Results of the Multivariate Regression Analysis
Assessing the Effect of Sample Characteristics on CPR Score
βi ± SE P
Intercept 2.40 ± 7.85
U-G group (vs U-NG) 50.50 ± 3.67 <0.001
T-NG group (vs U-NG) 18.63 ± 4.32 <0.001
T-G group (vs U-NG) 57.51 ± 4.21 <0.001
Sex (M vs F) 1.65 ± 2.88 0.57
Age 0.08 ± 0.25 0.76
Educational level (sup vs inf ) 1.35 ± 3.58 0.71
CPR realization experience (yes vs no) 2.13 ± 6.55 0.75
F indicates female; M, male; sup, superior; inf, inferior.
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Mouth-to-mouth ventilation during CPR was attempted in
100% of the U-G group, 93.3% of the T-G group, and 96% of the
T-NG group, but only 66.7% of the U-NG group (P < 0.001). How-
ever, the proportion of volunteers who managed to deliver 2 rescue
breaths/cycle was greater (P < 0.001) in the guided groups (81.2%
in the U-G group and 83.3% in the T-G group) than in the unguided
groups (0% in the U-NG group and 46.1% in the T-NG group;
Fig. 2). Failure to deliver proper ventilations resulted from improp-
erly opened airway (U-NG, 48.1%; U-G, 12.5%; T-NG, 30.8%;
T-G, 0%), and from ventilation less than twice per cycle (U-NG,
14.8%; U-G, 6.2%; T-NG, 19.2%; T-G, 3.3%).
Mean tidal volumes in the all groups were in excess as com-
pared with current guidelines: U-NG group, 62.8 ± 7.5 mL;
U-G 64.9 ± 4 mL; T-NG, 51.7 ± 3.9 mL; and T-G, 58.8 ±
4.5 mL (P = 0.21).
As a consequence, proper ventilation rate (including 2
breathes delivered/cycle with optimal volume) remained equally
low in the 4 groups (0.00% [U-NG] vs 9.40% [U-G] vs 3.90%
[T-NG] vs 0.00% [T-G]; not significant).
Chest Compressions
Detailed chest compression performance is supplied in Table 2.
The proportion of participants performing chest compres-
sions rate in the range of 90 to 120 per minute was higher in the
guided groups (87.6% participants in the U-G group and 96.7%
in the T-G group) as compared with the nonguided groups
(7.4% in the U-NG group and 50% in the T-NG group; P < 0.001).
Global Performance Score
The median global CPR score was significantly different be-
tween the unguided groups (U-NG, 7.7% [0–7%]; T-NG: 23.1%
[15%–30%]) and the guided groups (U-G, 61.5% [42%–69%];
T-G, 61.5% [53%–69%]; P < 0.001).
Multivariate regression analysis assessing the effect of sample
characteristic on that global score is depicted in Table 3. All the var-
iables from Table 3 explained 75% (R2 = 0.7505) of the overall var-
iability of the CPR score. This score was higher (P < 0.001) when
the participant belonged to 1 of these 3 groups (as compared with
the U-NG group), with a higher increase in the guided groups.
Timing
Timeline analysis as represented in Figure 3 illustrates the
impact of dispatcher's guidance on CPR sequence.TABLE 2. Chest Compressions
U-NG (n = 27) U-G
Chest compressions performed, n (%) 20 (74.1) 30
Fingers position
Incorrect, dangerous, n (%) 7 (35.0) 6
Incorrect, nondangerous, n (%) 12 (60.0) 10
Correct, n (%) 1 (5.00) 16
Proportion of correct position (%) 18.6* (0–68) 90.6†
No. compressions/min 24.7 (0–36) 27
Compression rate, n/min 79* (65–93) 97†
Compression depth, mm 36* (22–39) 36.8†
Complete chest release, % 76* (43–100) 90†
*n = 20.
†n = 30.
4 www.pec-online.comThe fraction of minute to ventilate varied between the
groups, with a lower proportion of time in the nonguided
groups than in the guided groups (U-NG, 27% [7%–36%]; U-G,
69, [62%–75%]; T-NG, 34.5% [23%–44%%]; T-G, 73.3%
[72%–44%]; P < 0,001).
DISCUSSION
Out-of-hospital cardiac arrest in pediatrics is a catastrophic
event associated with low survival rates, partly because of lack
of CPR undertaken by witnesses.3 After creating an original infant
T-CPR protocol, we assessed its effectiveness to guide either
trained or untrained volunteer in a manikin model of cardiac arrest.
Under these conditions, the ALERT PEDIA protocol increased the
number of bystanders initiating structured BLS efforts and sig-
nificantly improved resuscitation performance among previously
untrained and trained volunteers. Although a previous study on
ALERT algorithm in adults indicated a cumulative improvement
of guidance and previous BLS training, in children, the guided
groups seemed to perform equally whether they had previous
training or not.18
Assessing breathing in unconscious patients is difficult not
only for unprofessional but also for professional rescuers.7 In
the present study and despite T-CPR assistance, airway manage-
ment required a significant time to resume (U-G group, 48.5 sec-
onds; T-G group, 44.5 seconds) and remained difficult, and hardly
half of the volunteers reached current requirements (U-G group,
46.9%; T-G group, 56.9%). As previously described in otherGroup
P(n = 32) T-NG (n = 26) T-G (n = 30)
(93.8) 26 (100) 30 (100) <0.001
<0.001
(18.8) 14 (53.9) 12 (40.0)
(31.2) 6 (23.1) 3 (10.0)
(50.0) 6 (23.1) 15 (50.0)
(38–100) 52.3 (23–89) 90 (43–100) 0.001
(22–31) 64.4 (54–88) 26.8 (26–27) <0.001
(94–103) 115 (99–134) 102 (100–106) <0.001
(32–40) 39.5 (29–41) 32.5 (29–39) 0.23
(57–100) 97 (72–100) 100 (95–100) 0.011
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
FIGURE 3. Timing.
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breathing. Unfortunately, such failure to assess and control the air-
way was not a surprise. Indeed, previous work on training sessions
reported inadequate airway control in 65% of pediatric intensive
care professionals.22
Dispatcher-assisted recognition of cardiac arrest is complex
and associated with deleterious consequences in case of a mis-
take.13,23 In these situations, agonal breathing, a common event
occurring in the first moments of cardiac arrest,7 is often mislead-
ing and delays the initiation of bystander CPR.24 As a conse-
quence, the American Heart Association has claimed for a
simplification of the procedures involved in the evaluation of nor-
mal breathing.10 Such a simplified approach might significantly
increase OHCA detection by telephone,25 with few adverse effects
in the case of CPR undertaken in patients who are not in cardiac
arrest.26 Adopting this simplified procedure in our protocol could
increase OHCA detection by telephone, with first chest compres-
sions and ventilations that could occur earlier.
Our data concerning ventilation revealed that T-CPR in-
creased the number of untrained volunteers aiming to initiate the
first 5 rescue breathes and trying to performmouth-to-mouth ven-
tilation. However, although dispatchers' guidance increased its
quality, the percentage of successful maneuvers remained rela-
tively low (62.5% and 73.3% of successful 5 rescue breathes,
and 81% to 82% of successful rescue breaths during CPR in the
U-G and T-G groups, respectively) raising question about the ac-
tual efficacy and ventilation quality. In adequacy with previous
studies,22,27 we observed that an excessive tidal volume was deliv-
ered in all groups. Such hyperventilation was associated in a porcine
model with serious adverse effects: increased positive intrathoracic
pressures, decreased coronary perfusion, and decreased survival
rates.28 Finally, we have to notice that because of T-CPR instruc-
tions, the fraction of time required to perform ventilations was sig-
nificantly longer in the guided groups (69% for the U-G group
and 73.3% for the T-G group; P < 0.001), whereas it is essential to
minimize interruptions in chest compressions less than 20% to gen-
erate blood flow.16 These results should be considered in viewof the
preponderance of respiratory etiologies of pediatric OHCA, where
ventilation seems as an essential component of CPR. Combined
with chest compressions, rescue breath has been related to better
outcomes and better survival results.4,9,12
Despite the lack of evidence, the American Heart Association
implemented the Circulation, Airway, Breathing sequence rather
than Airway, Breathing, Circulation sequence.10,16 This approach© 2017 Wolters Kluwer Health, Inc. All rights reserved.allows for detection of cardiac arrest and starting of cardiac mas-
sage 24 seconds earlier.29 Because of an intermediate achievement
of the first 5 ventilations in our protocol, combined with high me-
dian time to perform it (52.5 seconds), we question the benefit of
this step in the T-CPR protocol. Adopting the Circulation, Airway,
Breathing method could substantially reduce the no-flow time and
delay the first ventilation by only a few seconds.
Almost all volunteers attempted chest compression, with the
exception of 25.9% volunteers in the unguided, previously un-
trained group. This high rate should be discussed in view of real-
life studies results showing that 15% to 40% of pediatric cardiac
arrests did not actually receive early bystander CPR.1,3,5 Among
the volunteers attempting chest compressions, the delay was sig-
nificantly higher in groups with dispatcher assistance (U-G,
176 seconds; T-G, 160 seconds) than in the unguided groups
(U-NG, 17 seconds; T-NG, 16.5 seconds).
Current guidelines recommend chest compressions at a rate
of 100 to 120 per minute.16,17 Inadequate chest compression rates
have been widely reported during pediatric and adult-simulated
CPR.18,23,30,31 Whereas optimal compression rate has been reached
by only 50% of the T-NG group, the participants with telephone
assistance met the target for 87.5% of the U-G group and 96.7%
of the T-G group. These better results may be explained by the
metronome guidance introduced in our protocol to help in per-
forming adequate compression rate.32
Chest compression depth is an essential CPR quality param-
eter.10,11,16,33,34 However, the recommended depth of chest com-
pression is not achieved during manikin model simulations, even
by pediatric BLS providers.35 In our study, the number of partici-
pants who accomplished depth target did not vary between the
groups (40.7% for the U-NG group, 59.4% for the U-G group,
50% for the T-NG group, and 43.3% for the T-G group) but re-
mained higher than in other studies.21,30 Nonetheless, these results
must be viewedwith a manikin limitation, whichwas not designed
to support compression depth greater than 44 mm and therefore
reproduced with poor fidelity real thorax stiffness.36
Current guidelines recommend the delivery of chest com-
pressions to be performed with the tips of 2 fingers for single res-
cuer and with encircling technique in case of multiple rescuers.16,17
The chest compression quality may be influenced by the technique
we adopted in our protocol. Indeed, several studies on trained vol-
unteers without T-CPR showed that the 2-thumb technique not only
improved chest compression depth compared with the 2-finger
technique30,35,37,38 but also reduced the erratic positioning of thewww.pec-online.com 5
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text where the 2-finger technique seemed more easily understand-
able by telephone for a lay bystander.
This study has several key limitations. First, it was based on
manikin simulations in a controlled environment and under less
stressful conditions than in reality. Stress constitutes a cause of
failure of T-CPR,13,39 and the effect of our protocol on actual
performance therefore remains uncertain. Second, the manikin
properties reproduce less faithfully the real chest compliance
characteristics and therefore can affect chest compression evalua-
tion.36 Next, duty cycle is an important factor to assess the quality
of CPR.40 Unfortunately, we were not been able to collect these
data, as well as the time for each ventilation delivering.
Last, we chose to select persons with recent BLS training
from 2 different schools. It allowed us to constitute homogeneous
guided groups with a minimum of bias related to teaching, ap-
proaching the level of ideal rescuers and minimizing other by-
standers' factors. Aware that this sample does not reflect the
characteristics of the population, we hypothesized that if the
T-CPR was useful for this newly trained population, it could also
be useful for persons less recently trained.CONCLUSIONS
The ALERT PEDIA algorithm of T-CPR instructions includ-
ing mouth-to-mouth ventilations and chest compressions signifi-
cantly improved resuscitation performance among previously
trained or untrained volunteers. Although successful mouth-to-
mouth ventilations increased, it was at the cost of major interrup-
tions in chest compressions and an overall hyperventilation. We
believe that this valid algorithm should be evaluated in real-life
conditions to determine its benefit in terms of quality of resusci-
tation and clinical outcome.REFERENCES
1. Atkins DL, Everson-Stewart S, Sears GK, et al. Epidemiology and
outcomes from out-of-hospital cardiac arrest in children: the Resuscitation
Outcomes Consortium Epistry–Cardiac Arrest. Circulation. 2009;119:
1484–1491.
2. Akahane M, Tanabe S, Ogawa T, et al. Characteristics and outcomes of
pediatric out-of-hospital cardiac arrest by scholastic age category.
Pediatr Crit Care Med. 2013;14:130–136.
3. Atkins DL, Berger S. Improving outcomes from out-of-hospital cardiac
arrest in young children and adolescents. Pediatr Cardiol. 2012;33:
474–483.
4. Kitamura T, Iwami T, Kawamura T, et al. Conventional and chest-
compression–only cardiopulmonary resuscitation by bystanders for
children who have out-of-hospital cardiac arrests: a prospective,
nationwide, population-based cohort study. Lancet. 2010;375:1347–1354.
5. DonoghueAJ, Nadkarni V, Berg RA, et al. Out-of-hospital pediatric cardiac
arrest: an epidemiologic review and assessment of current knowledge.
Ann Emerg Med. 2005;46:512–522.
6. Herlitz J, Engdahl J, Svensson L, et al. Factors associated with an increased
chance of survival among patients suffering from an out-of-hospital cardiac
arrest in a national perspective in Sweden. Am Heart J. 2005;149:61–66.
7. Hollenberg J, Svensson L, Rosenqvist M. Out-of-hospital cardiac arrest:
10 years of progress in research and treatment. J Intern Med. 2013;273:
572–583.
8. Nolan JP, Soar J, Zideman DA, et al. European Resuscitation Council
Guidelines for Resuscitation 2010 Section 1. Executive summary.
Resuscitation. 2010;81:1219–1276.
9. Ogawa T, Akahane M, Koike S, et al. Outcomes of chest compression only
CPR versus conventional CPR conducted by lay people in patients with out6 www.pec-online.comof hospital cardiopulmonary arrest witnessed by bystanders: nationwide
population based observational study. BMJ. 2010;342:c7106.
10. Berg MD, Schexnayder SM, Chameides L, et al. Part 13: Pediatric Basic
Life Support: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation. 2010;122(18 suppl 3):S862–S875.
11. Biarent D, Bingham R, Eich C, et al. European Resuscitation Council
Guidelines for Resuscitation 2010 Section 6. Paediatric life support.
Resuscitation. 2010;81:1364–1388.
12. Goto Y, Maeda T, Goto Y. Impact of dispatcher-assisted bystander
cardiopulmonary resuscitation on neurological outcomes in children with
out-of-hospital cardiac arrests: a prospective, nationwide, population-based
cohort study. J Am Heart Assoc. 2014;3:e000499.
13. Stipulante S, Tubes R, El Fassi M, et al. Implementation of the ALERT
algorithm, a new dispatcher-assisted telephone cardiopulmonary
resuscitation protocol, in non-Advanced Medical Priority Dispatch
System (AMPDS) Emergency Medical Services centres. Resuscitation.
2014;85:177–181.
14. Bohm K, Vaillancourt C, Charette ML, et al. In patients with
out-of-hospital cardiac arrest, does the provision of dispatch
cardiopulmonary resuscitation instructions as opposed to no instructions
improve outcome: a systematic review of the literature. Resuscitation.
2011;82:1490–1495.
15. Akahane M, Ogawa T, Tanabe S, et al. Impact of telephone dispatcher
assistance on the outcomes of pediatric out-of-hospital cardiac arrest.
Crit Care Med. 2012;40:1410–1416.
16. Atkins DL, Berger S, Duff JP, et al. Part 11: Pediatric Basic Life Support
and Cardiopulmonary Resuscitation Quality: 2015 American Heart
Association Guidelines Update for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care. Circulation. 2015;132(18 suppl 2):
S519–S525.
17. Maconochie IK, Bingham R, Eich C, et al. EuropeanResuscitation Council
Guidelines for Resuscitation 2015: Section 6. Paediatric life support.
Resuscitation. 2015;95:223–248.
18. Ghuysen A, Collas D, Stipulante S, et al. Dispatcher-assisted telephone
cardiopulmonary resuscitation using a French-language compression-only
protocol in volunteers with or without prior life support training: a
randomized trial. Resuscitation. 2011;82:57–63.
19. Whitfield RH, Newcombe RG, Woollard M. Reliability of the Cardiff
Test of basic life support and automated external defibrillation version 3.1.
Resuscitation. 2003;59:291–314.
20. Stipulante S, Delfosse AS, Donneau AF, et al. Interactive
videoconferencing versus audio telephone calls for dispatcher-assisted
cardiopulmonary resuscitation using the ALERT algorithm: a randomized
trial. Eur J Emerg Med. 2016;23:418–424.
21. Dawkins S, Deakin CD, Baker K, et al. A prospective infant manikin–based
observational study of telephone-cardiopulmonary resuscitation.
Resuscitation. 2008;76:63–68.
22. Arshid M, Lo TY, Reynolds F. Quality of cardio-pulmonary resuscitation
(CPR) during paediatric resuscitation training: time to stop the blind
leading the blind. Resuscitation. 2009;80:558–560.
23. Deakin CD, Evans S, King P. Evaluation of telephone-cardiopulmonary
resuscitation advice for paediatric cardiac arrest. Resuscitation. 2010;81:
853–856.
24. ZuercherM, Ewy GA. Gasping during cardiac arrest.Curr Opin Crit Care.
2009;15:185–188.
25. Fukushima H, Imanishi M, Iwami T, et al. Implementation of a
dispatch-instruction protocol for cardiopulmonary resuscitation according
to various abnormal breathing patterns: a population-based study.
Scand J Trauma Resusc Emerg Med. 2015;23:64.
26. White L, Rogers J, Bloomingdale M, et al. Dispatcher-assisted
cardiopulmonary resuscitation: risks for patients not in cardiac arrest.
Circulation. 2010;121:91–97.© 2017 Wolters Kluwer Health, Inc. All rights reserved.
Pediatric Emergency Care • Volume 33, Number 10, October 2017 Effectiveness of Pediatric T-CPR27. Niebauer JM, White ML, Zinkan JL, et al. Hyperventilation in pediatric
resuscitation: performance in simulated pediatric medical emergencies.
Pediatrics. 2011;128:e1195–e1200.
28. Aufderheide TP. Hyperventilation-induced hypotension during
cardiopulmonary resuscitation. Circulation. 2004;109:1960–1965.
29. Lubrano R, Cecchetti C, Bellelli E, et al. Comparison of times of
intervention during pediatric CPR maneuvers using ABC and CAB
sequences: a randomized trial. Resuscitation. 2012;83:1473–1477.
30. Martin P, Theobald P, KempA, et al. Real-time feedback can improve infant
manikin cardiopulmonary resuscitation by up to 79%—a randomised
controlled trial. Resuscitation. 2013;84:1125–1130.
31. Sutton RM, Case E, Brown SP, et al. A quantitative analysis of
out-of-hospital pediatric and adolescent resuscitation quality—a report
from the ROC Epistry–Cardiac Arrest. Resuscitation. 2015;93:
150–157.
32. Paal P, Pircher I, Baur T, et al. Mobile phone–assisted basic life support
augmented with a metronome. J Emerg Med. 2012;43:472–477.
33. Sutton RM, French B, Niles DE, et al. 2010 American Heart Association
recommended compression depths during pediatric in-hospital
resuscitations are associated with survival. Resuscitation. 2014;85:
1179–1184.
34. de Caen AR, Maconochie IK, Aickin R, et al. Part 6: Pediatric Basic Life
Support and Pediatric Advanced Life Support: 2015 International© 2017 Wolters Kluwer Health, Inc. All rights reserved.Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations.
Circulation. 2015;132:S177–S203.
35. Martin PS, Kemp AM, Theobald PS, et al. Do chest compressions during
simulated infant CPR comply with international recommendations?
Arch Dis Child. 2013;98:576–581.
36. Martin PS, Kemp AM, Theobald PS, et al. Does a more ‘physiological’
infant manikin design effect chest compression quality and create a
potential for thoracic over-compression during simulated infant CPR?
Resuscitation. 2013;84:666–671.
37. Huynh TK, Hemway RJ, Perlman JM. The two-thumb technique using an
elevated surface is preferable for teaching infant cardiopulmonary
resuscitation. J Pediatr. 2012;161:658–661.
38. Jiang J, Zou Y, Shi W, et al. Two-thumb–encircling hands technique is
more advisable than 2-finger technique when lone rescuer performs
cardiopulmonary resuscitation on infant manikin. Am J Emerg Med.
2015;33:531–534.
39. Martinage A, Penverne Y, Le Conte P, et al. Predictive factors of
successful telephone-assisted cardiopulmonary resuscitation. J Emerg
Med. 2013;44:406–412.
40. Johnson BV, Coult J, Fahrenbruch C, et al. Cardiopulmonary
resuscitation duty cycle in out-of-hospital cardiac arrest. Resuscitation.
2015;87:86–90.www.pec-online.com 7
